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RmIavAL EXXXU41CSIWW!EGYAIW ENJ!FUXICAMLYSIS

JohnC. AIH* aIM tilled H. Hmard

MS Alams ScientificIalmratory
LosMares, W 87545

TIE neglect of’ entropic&angesof energyandmatterin the emm” c
proc=s—m~ fonnulatimof econunictimry, as was firstpointed
outby * eoomndst?Ni&olas Georgescu-Roegen.

~tropic analysis,tit is, thereckoningof entropicchangesin real-
wrld processes,appearsto be a usefulguidetowarda realisticunderstanding
of theemImllicprmess.

~ emnple clmsenhereis thetioicebetweennaturalgas and coalas
fossilfuel. An outlineof thenmessaryanalysisis discussed,tqetherwith
*e r~~ of rationalecomnic strategy.

%t3fessorof Physicsand Bio@ysicalSciences,University 01 :=uston (cm lea~d.
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RATIONALE?20MMICSTRME3YAND H!JTROPICANALYSIS

John C. Allred*andHillardH. Hcxvard

IOsAlams ScientificLaboratory
bS AhIK)S, NM 87545

NicholasGeorgescwRoegen,thenotedeconcxnist.,has oflxmpointedout in
.

his writings that & economic processis entropic.By thisstatementhe meaIs

thattheeconomicprocessmustbe understockin termsof changesof formor

of structureof rotterand of energy. Thisideais in contradistinctionto

the implicationof standardeconomictheoryif theterms“production”and

“conswption”are takenliterally.Sinceneithernatcernorenergyis either

createdor destroyed,productionandconsumptiondo not in factoccur“ina

physicalsense. Tmnsformtionsof matterand energyamng theirvarious

statesmustthusb intimatelyrelatedto theeconomicprocess.

Withhispromcativeaphorism,“mattermatterstoo”and “youcan never

use thesamemattertwice?“’Georgescu+oegenhasdrawnattentionto thecon-

t~.n~ldissi~ti~,lGf ~tter as it participatesin real-worldprocesses.

AlthoughGeorgescu-Roe~enis controversialamng economists,we agree

withhim thatthe failureto takenoteof theentropicxk~tureof the

economicprocessleadsto erroneouseconomictheory. In thispaperwe dis-

cusssanewaysinwhichentropicanalysiscan mntributeti correcteconcmic

theory. The qualitativeapproachtakenheredoesnotnegatethevalidityof

theqmntitativeapproachti theproblem.Our assumptionOE the inprtanceof

entropicanalysisis blstiuponthe importanceof thesecondlawof thermodynamics.

—..
*~ofess~r of physic~ and Biophysical Sciences ~ University of Houston(oilleave).
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Sircetheevolutionof the dverse depmds uponthe

of itssystem~ we mustk= =ntxopicacmunts ifwe

entropy gains and losses

are to understand processes

and theirconsequencescxx Y- We discusshereone portionof theenergy

problemconfrontingtieworl illustratetheapplicationof entropicanalysis.

Withrespectti tieenergycrisis,ha doesone mnstmct a rationalst.ra&gy?

First,a rationalstrategymusttakeintoaccountthenationalgoals

whichare selectedby thepliticalprocess,itselfentropicas pointedoutby -

Allred.l hng theS@mightbe the ChOiCeof a desired~CJSs na’dord Prduct,

a given growth rate, a sale economy,perhapsevena shrixkingdemandon

mergy resources.

A qzztional strategy must take .iqto acgount the Q. labf.l~”~ of bow ,fpels . . .,,
. .

andof materials. .req@red,fortieconstriction,of &mrgy-producingplantsand

thedistributionof therecultingenergy.

A rational strategy must strive for rnaxhnal achieva’nent of goals with

minimal ham to thepopulationmd b theenvironment.
*

Oncearrivedat, a rationalslxategymustbe as validtcxmrrcwas it is

today. Changes in the paramters are nemssary as the

&anges, but thevalidityof thestratcyyon any given

tionable. The strategy should not

deed, if the strategy is rational,

fore,thegovernmntwouldnot act

be dependenton the

availabilityof resources

day shouldnotbe ques-

whimof government..In-

thegovernmentshouldbe guidedby it:the=-

upn whim

Finally,a rationalstrateq’shouldbe self-evidentin the sensethat

rationa~menwould agreeu~n it in thesamsway thatrationalscientistscan

agree uponthevalidityand theresultof a scientificmperixnent.Whatwe

are sayingis,given the goals, the strategyforarrivingat thesegoalsshould

& cleard self-evidenttn rationaland thoughtfulpeople. .
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An instanceOf the sortwhichwe believecan be avoidedappeared~n

The !#allStreetJournalforTlwmday,M-: 16,1978,in whichit is r~=

portedthat“Secretaryof EnergyJamesSchlesingertxd.da newscmkmnce

thathe expectsa short+mn surplusof naturalgasdue to the federally

mandatedgas-priceincreasesthattakeeffeetDecenber1, and that ‘wewish

b burnall thegas thatwe can in the shortrun ~ holddcwnoil inports.‘“

The storygoeson to saythat“theemphasison burninggas runscounterto -

oneof thekey goalsof llr.Carter’senergyprogram,expressedoveran

eighteenmonthperiod,whichwas ti witch industrialfuelusersto coaland

otherabundantfuelsfrombothoil andnaturalgas.

“ButMr. Schlesingersaidthat,h carry~g out thenewenergylawas it

appliesto

anotherof

irqorts,”

existingplants,thedepartmentwouldbe stressingin theshortrun

theprogram’s‘hierarchyof objectives’--theneedb reduceoil

We wouldsuggestthattheaboveis an exampleof irrationalstrategy.

Men theSecretarychangeshismind,millionsandbillionsof dollarsmustbe

reallocatein capitalcosts. Thisis notrationaleconomics.

Whatcanentropicanalysisomtributeto thisdecision-inkingprccess?

In particular,can it shedany lighton thequestionof whetherone should

chooseto burncoal,or oil,or naturalgas? Herewe outlinethe stepswhich

onewouldtakein an entropicanalysisof thisproblm.

The entropicanalysismust firstdealwiththeavailabilityof the fuels

,andthenegentropiccost.of acquiringthem. Me problemis one of remving

a storeof chemicalcompoundsfromone place--themineor thewellhead--

and causingthismaterialto mve to a pladeat whichit is desired.Theprocess

is negentropic,thatis, it comisti of localizinga fuelin the desiredposition

as contrastedto allpossiblelocationsinwhichitmightexist. s.
●
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Onc mustnextlookat theelexnmtilandchemicalcmposit.ionof the fuel.

The fuels plustheireffluentsarebothcomposedof -bon, hydrogen,nitrogen,

sulfur,oxygenard scmtims otherelemnts. In thecnseof coal,uraniumand

thoriumandotherheavymtals my be included.

The chemicalstructuxe of the fuelsmst be considered,es~ially as to

tietherthehydrocarbonsare aliphaticsor aromatics.lucanaticsarekii to be
.

teratogensandcarcinogens.What is oftenoverlookedis thatsam of thearo-

maticsin coalaredistill~out of tiecoaland notburnedand thereforeenter

intotheenvironmentin theiroriginalstate. Theirdispersalmay haveserious

entropicconsequences to theenvironmentand thepopulation.

Soxcof theprducts af Ccm@stionarecax”bor.dioxide,water,BX3x,.sLJfur

dioxide,hydrogensulfide,and theradioactiveandheavy&tals listedabove.

At thiS point,

*XS ~opulation

ismsarelawn

mtmpic basis

t??equestionarisesas to thetol&ranceof the environmentand

fortheseefflumt wastes. In sanecasestheseeffectsm organ-

by

if

tureof ndecules

suchas scan5.ng.

W=-t” It is alsopossibleto understandthemon an

one studiesthedegreeof disruptionof

suchas DNA or enzymes~ and theeffects

It is scmtimes_

small,and thereforeshould

experience.me reasonis,

tie rrdecular struc-

on organstructure,

that the entropicchangesin theenvironment

be unimportant.Thisin factdoesnotagree

we believe,thatall livingorganismshavea

are

with

multi-

plicityof regulatoryand feedbackmchanisms. Hornk3nesystems,the hnune sYs-

ban,and nervecircuitsserveto illustratethesefeedbackloops. Organisms
,

maintii.nhmeostasisby theseregulatorymechanisms.A SIMlldisruptionof

nerve-rane or enzymeor DNA or honmne leadsto verylargeeffects,perhaps

eventhedestructionandd~athof theorganism.The changesof entropyinvolved,

whilesmall;cank qiantitqtively

“.*’ .
●
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Anotherfactorb be mnsideredin theentropic

is theplantefficiency.Hereonemst considertie

resultingfrantheproductionof one unitof energy,

analysisof theproblem

-tal entropicburden

saya kilowatt-hour.One

begins with the heatsof cmibustionof thevariousfuelsand seeksa rational

way to caq2aretheefficienciesof processesW&h convertenergyof combus-

tionintothedesi~ formof energy. The appropriateapproach

beenrecognizedin thecalculationof “secondlawefficiencies”

has already

forprocesses -

in finitetine.

Anotherfactirwhichhas onlyrecentlybeenrecognizedis thenegentropy

3of capitalequi~t. Berry*andAllred, independently,havemde a starton

thisproblem.Thequestionwhich:%y

structionof capitalequipmmt. It is

is tie interfacebelmeenonepartof a

themachineto therestof theworld.

addxessis thenegentropiccostof con-

perhapsa tautilogyto saythata surface-.

mchine and another,or the interfaceof

BerryandAllredhavekothaskedthe

questionof thecostof prciiucingmachinedsurfacesin negentropicunits:Eerry

calculatesthe freeenergycostof productionof all themachined-surfacesin

-loan autcmbileas about10 kilowatt-hours. One interpretationof thisresult

is thattheworn-outautonmbileis repairablefortheexpenditureof sucha

trivialanwnt of energy. Experiencenegatesthisinterpretation.We find

thisan intriguing~adox and feelcertain

settled.

The @ding surfacesof nwhines, such

thatthequestionis farfrm

as bearings,appearto haveso,~-

thingin comon withfeedbackloops. We thinkthere

tih!sidea and the earlierone of feedbacksystemsin

It appearsto us thata rationalstrategywould

increasesin entropy.The notionof somthingbeing

oux understandingof entx~. If thebyproductof a,.

maybe a mnnection

livingorganism.

guardagainstlarge

between

local

a pollutantis relatedto

processis useablein
.

●
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anotherp-ss we no lcngerthinkof it as a pollutint,but ratherwe mke

an effortto reclaimit. However,if tiebyproductis notUs-le, it is a

gx)llutant.me entropyof a fuelis a masure of thecontentof energyavail-

able b do work--i.e.,usefulness.me similari~

of a materialand itsusefulnessis alsostriking.

b filla localewithuselessmatterand energywe

increasesin entropyat thatlocation.

ciplewouldhavealleviatedS- of the

nearindustrialsibs.

Perhapsan

betieeiitie negentropiccontent

!Iherefore,unlesswe wish

must guard againstlarge -

understandingof thisprin-

pmbkms withthestreamsand lakes

As hereproposed,entxopicanalysisis a dynamicbechnique.mat is,it
.-r . .. ., ..-

reccgni.zesautomaticallythe.increasingdiff’icultyof acquiringmaterialsand,, . .

fuelsas theprocessprogresses.It is thusunlikestandardeconmic mdels

whichquiteusuallyassumestatic,closedsystms. As theavailabilityof

fuelsandmaterialschanges,so will thenegentropiccosts,and so willthe

paramtersof therationalstrategyderivedfromentropicanalysis.

~ be specific,supp>seit shouldappearthatnaturalgas is presently

the fuelof choice,as SecretarySchlesingernW says. Evenif suppliesare

very large, new naturalgaswellsmst go dee~r, and thusexpandthe capital

requirementsandnegentropiccostsforadditionalfuel. It is possiblethat

sooneror laterthenegentmpiccostswillexceedthoseof otherfuelsand

thepreferredmix willchange. w emphasize,however,thatif thischangeoc~s

it will not be kecause OPIX ministers have a meting or because the %xetaxy

changeshismind,but becausea physicaland chanicalanalysisof theproblem

leadsto d+fferentiparametersof the strategy.
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Why can’t the freemarketmskethese&oices? The facttit it is re-

gulatedby thegovemmnt insuresthatthemarketis not free,and so thepre-

cedingquestionmay be redundent.More to tiepoint,tiough,the freemarket

operatescorrectlyti efficientlyonlyin thepresenceof perfectinformation.

At present,thatpartof the informationrelatingb & mgentropiccapital

costs of energy converters is missimg, because our econmy has until very

assuredthat energy is al.rmst a

missing informationto function

for a rationalstrategyoffered

painfulalternativeof learning

., .: ,,

, . .
i$’

freegood. Ataminimm tiemarketneeds

properly.We thinkthe soundtheoretical

~ entropicanalysiswillamelioratethe

onlyby experience.

. . . . .
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.

,. .

recently

this -

basis

.

.

7



.

1.

2.

3.

unpublished note 1978-

R. Stephen~, Bull.At. Sci.pp. 8-15 (April,1972).

HillardH. Hu#ard,SecondLawConceptsandEnergyConver&rs,Proceedings——
of Entro~—mmcnll●c—-~ pp. 27-30~iophysicalWsearch Co~.,
Houston,1977.
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